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GUST-TUNNEL INVESTIGATION OF A DELTA-WING MODEL 

WITH  THE LEADING EDGE WEFT BACK 60' 
By Harold B. Pierce and Slaton L. Johns 

A gust-tunnel  investigation of a delta-wing model with  the leading 
edge  swept  back 600 has  indicated that the gust  load is greater  than 
would be predicted by using a slope of the lift curve  determined f r o m  
steady-flow force tests. The use of a slope of a lift cmve  derived 
from  simple  aspect-ratio  considerations  resulted i n  a good estimate of 
the  load. r 

-i INTRODUCTION 

Gust-tunnel investigations of the  loads on swept wings (refer- 
ences 1 t o  3)  have indicated that the  slope of the lift curye determined 
from  steady-flow f o r c e   t e s t s  is not   appl icable   in  a gust  but  rather 
that one dependent on the  slope of the lift curve of an equivalent 
s t ra ight  wing and on the  cosine of the  angle of sweep would be appli- 
cable. In addition,  the results fo r   t he  swept wings showed that s t r i p  
theory  could be used t o  estimate the effect of gradual  penetration  into 
a gust. Since the de l ta  wing might  be considered a special  form of a 
swept wing, it appeared  possible that a slope of the lift curve  other 
than  that  determined from steady-flow force tests would apply in  a 
gust. A simple relationship  for  determining the applicable slope of 
the  lift curve, however, w a s  not  inmediately  apparent. Accordingly, an 
investigation has been carr ied  out  i n  the  Langley gust tunnel  with a 
delta-wing model having the leading edge swept back 600. The purpose 
of the  investigation was t o  determine the  magnitude of the  gust  load 
and t o  determine if steady-flow aerodynamic coefficients  could be used 
successfu l ly   in  i t s  prediction. This paper  presents  the  results of the 
investigation. 

I 
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APPARATUS AM) TESTS 

A l i n e  drawing.of the 60° sweptback delta-wing model is shown i n  
figure 1 and a photograph of the model i s  shown as figure 2. The char- 
ac t e r i s t i c s  of the model and  the test   conditions are given i n   t a b l e  I. 
The a i r f o i l  was an NACA 65-006 sect ion  a t   the   root  and was tapered to 
an NACA 65,-012 section at a point 1.5 inches from the  t ip .  The  con- 
struction of the model was such tha t  it could be considered a r ig id  
body fo r   t he   t e s t s .  An accelerometer was mounted under the forward 
par t  of t he   f i n  a t  the  center of gravity. Two l i g h t s  were  mounted  on 
the model fo r   t he  measurement of p i t c h   i n   f r e e   f l i g h t .  

The gust  tunnel and i t s  equipment are described in   reference 4. 
The gust  profiles of the  sharpedge  gust and 6.5-chord-gradient gust 
are  shown i n  figure 3 as t he   r a t io  of the l o c a l  gust  velocity  to the 
average maximum gust  velocity  as a function of mean chords of penetration. 

The tes ts   consis ted of e ight   f l igh ts  through  the sharp-edge gust 
and seven f l i g h t s  through the  gust  with  the 6.5-chord gradient  distance. 
Measurements of fomard  velocity,  gust  velocity,  normal-acceleration \ 

increment, and pitch-angle  increment were made f o r  each f l i gh t .  

Force tests were conducted i n  the Langley free-fl ight  tunnel  for 
the purpose of determining  the  free-flight trim condition. A steady- 
f l o w  slope of the lift curve was determined from the  data and i s  
included i n  table  I. 

PRECISION 

The measured quantit ies  are  estimated  to be accurate  within  the 
following limits f o r  any t e s t  o r  run: . .  

Normal-acceleration  increment, An, g units . . . . . . . . . . . .  20.05 
Forward- velocity,   feet   par second . . . . . . . .  -. . . . . . .  .W.s 
Gust velocity,  feet  per second -. .- .' i -. +O.l . . . . . . .  . . . .  . .  
Pitch-angle  increment,  degrees 50.1 

. .  . .  - 
. . . . . . . . . . . . . . . .  . .  . .  . . . . . . . . . . . . . . . . .  

RESULTS AND DISCUSSION 

The records of all f l i g h t s  w e r e  evaluated t o  obtain  his tor ies  of 
the  normal-acceleration  increment and pitch-angle  increment  during  trav- 
erse  through  the  gust .   Representative  test   results are shown i n  fig-. 
ures ,$(a) and 4(b). The maximum acceleration  increment.was  determined 

I 
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from the time history of each test fl ight.   Since minor var i a t ions   i n  
forward  speed and gust  velocity are obtained f r o m  f l i g h t   t o   f l i g h t ,   t h e  
mahum acceleration  increments were cor rec ted   to  a forward  speed of 
88 f e e t  pe r  second  and a gust velocity of 10 f e e t  per  second on the 
assumption that   the   accelerat ion increment i s  directly  proportional t o  
forward  speed and gust  velocity. In  addition,  the  corrected data were 
fur ther  reduced t o  the  values  for  zero  pitching motion by the approx- 
imate method of reference 1. The values of the maJdrmzm acceleration 
increment f o r  each flight  as  corrected  for  forward  speed and gust veloc- 
i t y  together  with  the  values  reduced t o  zero  pitching motion are  given 
i n   t a b l e  II. The average  values f p r  both  gust  shapes were determined 
from  the data and are included i n  the table.  

Examination of the pftch-increment c.urv-es  of f igure  4 shows tha t  
t he  delta-wing model i n i t i a l ly   p i t ches  up  on entering the gust and soon 
afterward  pitches down. The effect  of this sequence of pitching motion 
i s  evident when a comparison i s  made of the  effect  of pitch on the aver- 
age maw values of acceleration  increment i n  each of the  gust shapes. 
(See tab le  II. ) In   the  sharp-edge gust, where the maximum acceleration 
increment i s  obtained  quickly,  the initial pitching-up  motion  increases 
the  load a smal l  amount. In  the  gust  with  the 6.5-chord gradient dis-  

pitches down so  that  the  pitching motion decreases  the  load  about 
f l  tance, however, the m a ~ m u m  acceleration increment  occurs after the model 

-d 5 percent. 
The rapid  pitching motion of the model a s  it passed  through  the 

gusts and the reversal  of the ef fec t  of pitching motion on the m a x i m u m  
accelerations which occurs for the change i n  gust  shape  from sharp edge 
to 6.5-chord gradient  indicate  that   the  pitching motion of the  delta- 
wing  model is probably  quite  sensitive  to  the  center-of-gravity  position. 
Further  investigation will be necessary, however, before  quantitative 
predictions  can be made  of the change i n   l o a d  with  center-of-gravity 
position. The in i t ia l   pos i t ive   p i tch ing  motion of the  model i s  believed 
t o  be a result of the  gradual  penetration of the  del ta  wing i n to   t he  
gusts. The e f fec t  of penetration on the  pitching motion in   the  present  
case, however, does  not  appear as great as t h a t  on the  swept wings of 
references 1 t o  3. 

Prediction of the gust load was made with the  use o f .  equation (2) 
of reference 1. The slope of the l i f t  curve was tha t  determined  from 
force tests and the  unsteady-lift  functions were those f o r   i n f i n i t e  
aspect   ra t io  where the  unsteady-lif t   function  for  penetration of the 
gust w a s  modified by s t r i p  theory   to  account for  the  gradual  penetra- 
t i o n  of the   de l ta  wing into  the  gust .  The results of this calculation 
a re  compared with  the  experimental results reduced t o  zero  pitching 

l i f t  curve  derived  from  force-test measurements in   the  calculat ions 
results i n  an underestimation of the gust load of some 20 t o  25 percent. 

I motion i n   t a b l e  III. The comparison shows tha t  use of the  slope of the  

- 
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In  order  to  investigate  the  discrepancy between the  calculated and 
expertmental  results,  three  additional-calculations  for  the  delta wing - 
were made with  only  the  slope of the lift curve  being changed and, f o r  
comparison, a calculation was made far a s t ra ight  wing of the same aspect 
ra t io .  The lift-curve  slopes  used in   the   ca lcu la t ions   for   the   de l ta  w i n g  
were: (1) a slope of 2.61 per  radian  obtained  from  lifting-surface- 
theory  calculations  for a 60' de l t a  wing, (2)  a slope of 3.66 per radian 
predicted from the work of Jones  based on Hunk's a i rsh ip  theory (refer- 
ence s) f o r  low-aspect-ratio  pointed wings, and ( 3 )  a slope of 3.23 per 
radian  obtained  from  the  simple  aspect-ratio  relation 6A/(A + 2)  which 
has been used  successfully  for  determining  slopes  for  the  prediction of 
gust  loads on s t ra ight  wings (reference k ) .  The slope of the lift curve 
of 3.23 per radian was a lso  used in   the  calculat ion  for   the  s t ra ight  
wing together  with  the unmodified unsteady-lift  function  for  penetration 
into  the  gust .  The results of these  four  calculations are included i n  
table  111. 

-e 

It i s  apparent  from  examination of table I11 t ha t  only two of the 
calculations  agreed  well  with  the  experimental results. Use of the 
lifting-surface  theory  underestimated  the  experimental results by 15 t o  
20 percent; whereas use of the  slope from airship  theory  overestimated 
them by about 8 percent. The best agreement was obtained when t h e  l i f t -  
curve  slope,  derived from the simple  formula 6A/(A + 2) ,  was used 
wi th  either  unsteady-lift  function. If the assumption i s  made that  
other  factors such as  the  choice of the  unsteady-lift  function  are  cor- 
rect ,   the   effect  of the  gradual  penetration of the  del ta  wing into  the 
gust i s  indicated t a  be small. On the  basis of these results,  there- 
fore, it i s  implied  that  the gust load on a 60° de l ta  ying can be pre- 
dicted by use of the  slope of the lift curve of 3.23 per radian derived 
from the  formula 6A/(A + 2 )  even when t h e  effect  of the  gradual pene- 
t r a t ion  of the  del ta  wing in to   the  gust i s  disregarded. 

Although the  implications of the  preceding  paragraph  are i n  agree- 
ment wi th  the experiment, much doubt s t i l l  e d s t s ' a s   t o  what the   rea l  
s i t u a t i m  might be. The results  presented  indicated  that   the  loads may 
be predicted  equally  well by methods having different  concepts. It is 
apparent,  therefore,  that t h e  basic  principles  are  not fully understood 
and additional  information will be needed before.extension of the results 
of t h i s  paper  can be made for the  calculation of the gust load on delta 
wings having  apex  angles-  other  than 60°. 
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CONCLUDING REMARKS 

A gust-tunnel  investigation of a delta-wing model with  the  leading 
edge swept back 600 has  indicated  that  the  use of the  slope of the lift 
curve,  determined by steady-flow force tests in gust-load  calculations, 
underestimated  the  gust  load by 20 t o  25 percent.  Further  study showed 
tha t  a good estimate of the  gust  load f o r  this wing was obtained  through 
the use of a slope of t he  lift curoe.derived from the  simple aspecGrat io  
re la t ion  6A/(A + 2). Extension of these results to   o ther   de l ta  wings 
with  different apex angles, however, does not  appear  warranted a t  this 
tirne. Additional  investigation wil l  be  necessary to   es tab l i sh   the  
importance of the  center-of-gravity  position on the  loads  induced by the 
pitching motion of t he   de l t a  wing i n  a gust. 

. Langley Aeranautical  Laboratow 
National  Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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TABLE I 

CHAFtACTEFUSTICS OF THE MODE& AND TEST CONDITIONS 

Weight, l b s  . . . . . . . . . . . . . . . . . . . . . . . .  
Wing area, sq f t  . . . . . . . . . . . . . . . . . . . . .  
W i n g  loading, lb/sq f t  . . . . . . . . . . . . . . . . . .  
Mean geometric  chord measured i n  
S p a n , f t  . . . . . . . . . . . . . .  . . . . ? .  . . . . .  

plane   para l le l   to   p lane  of 
symmetry, Area/Span, f t  . . . . . . . . . . . . . . . . .  

A s p e c t r a t i o , A  . . . . . . . . . . . . . . . . . . . . . .  
Root chord, f t  . . . . . . . . . . . . . . . . . . . . .  -. 
Slope of t he  lift curve  determined 
by steady-flow force   t es t s ,  per radian . . . . . . .  :-. 

Center-of-gravity  position,  percent 
m e a n  geometric  chord . . . . . . . . . . . . . . . . . .  

Gust velocity, fps . . . . . . . . . . . . . . . . . . . .  
Forward velocity,   fps . . . . . . . . . . . . . . . . . .  
Pitching moment of inertia, slug-ft' . . . . . . . . . . .  

. . .  11.7 . . .  6.92 . . .  1.69 . . .  4.90 

. . .  2.4 

. . .  0 
9 . .  10 . . .  88 . . .  0.286 



NACA RM L52B04 ' 7 

TABLE I1 

MAXI" VALUES OF ACCELERATION INCRGMENT FOR FACE FLIGHT CORRECTED 

FOR FORWAFUI SPEED AND GUST mLOCITY AND REDUCED TO 

mR0 PITCH 

Gust 
shape 

6-5- 
chord 

gradient 

+ 

" 

i 

Flight  

1 
2. 

; 
5 
6 
7 
8 

Average 

I 
2 

i 
5 
6 
7 

Average 

Corrected 
experimental *%la 

(g units) 

1.29 
1.28 
1.36 
1.25 
1.25 
1.28 
1.34 
1.35 
1.30 

1.01 
1.03 
1.06 
1.02 . 98 
1.00 
1.01 
1.02 - 

Corrected 
experimental 
& reduced 
to zero  pitch 

(g 

1.25 
1.26 
1.32 
1.23 
1.22 
1.26 
1.30 
1.30 
1.27 



Gust ahap 

6 .  $chord 
gradient 

..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .- . 

TAJZE I11 

COIBARISON OF EXPEEMEXI? AND CALCULATION 

I 
Calculated 

(g w i t s )  
Corrected 

reduced. 

, 
experimental Straight w h q  Delta ding 

to zero pitch 
( g  mite) lift-curve surface-theory measured 1Fft- UrsMp-theory 

of 3.23 of 3.23 of 3.66 

Lift-curve Lift-curve 
curve slope of slope slope l i f t -curve 

2 a 4  slope of elope (nA/2) (6A/(A + 2)) (6A/(A + 2))  
2.61 

1.27 1.27 1.21 1.35 1.02 0.95 
I 

1.07 1.10 1.06 1.15 91 .86 

=" 

1 A 

. . . . . .  . . .  

71 
. .  

'Ir .' 
. . . . .  
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Figure 1.- PLan form of 60' delta-wing model. 
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Figure 2.- Photograph of delta-wing model. B 
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Figure 3.- Velocity bistributlm throua gust-tunnel  jet. 
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(b) Gust with 6.>chord gradient d i e t a c e .  

Figure 4.- Representative history of events in teat gusts. 
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